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Signals for Self-Renewal
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Spermatogonial stem cells (SCCs) comprise only 0.02 to 0.03 percent of the total mammalian testis germ cell population, but their proper regulation is critical for species survival. Self-renewal of these stem cells is thought to occur through signals from the microenvironment-created at least in part by Sertoli cells-that can oversee increases in SSC number when the testis is damaged by chemicals or radiation. Using a mouse germline stem cell culture system, Kei Ishii et al. uncovered a signaling pathway that participates in SCC selfrenewal.
Previous studies have implicated two cytokines in SCC selfrenewal: GDNF (glial cell line-derived neurotrophic factor) and FGF2 (fibroblast growth factor 2). Some of the signals in the SCCs that respond to GNDF have been identified, such as the phophoinositide 3-kinase-AKT pathway, but little is known about the signals downstream of FGF2.
The new findings suggest that FGF2 operates through a pathway involving MAP2K1 (mitogen-activated protein kinase kinase 1 and 2). MAP2K1 in turn upregulates expression of the gene encoding the transcription factor ETV5 (ets variant 5) and the gene encoding BCL6B (B cell CLL/lymphoma 6). Experiments supporting this conclusion include the transfection of cultured cells with an activated form of MAP2K1, resulting in upregulation of two factors that regulate transcription, Etv5 and Bcl6b, and proliferation of cells in an FGF2-independent manner. Curiously, when germline stem cells expressing Bcl6b are transplanted into the testes of infertile mice, germ cell tumors form. This suggests that excessive self-renewal signals prompt tumorigenesis.
The findings dovetail with previous studies hinting at a role for Etv5 and Bcl6b in spermatogenesis. How signals downstream of GDNF and FGF2 may operate together to support SCC self-renewal remains a question for future experimentation. In species with internal fertilization, the female reproductive tract contains specialized glands that secrete various substances that help fight infection, prepare sperm for fertilization, and support the development of the very early embryo, among other functions. Despite their importance, very little is known about how these glands develop and the extent to which their function is conserved among species. A study in Current Biology now shows how Hr39, a conserved nuclear hormone receptor, controls the formation of such glands in Drosophila.
Hr39 is in the NR5a class of hormone receptors, which includes the mammalian orphan nuclear receptors SF-1 (steroidogenic factor 1) and LRH-1 (liver receptor homolog 1). Both of these mammalian receptors are intimately involved in reproduction; SF-1 is a master regulator of steroid hormone production and LRH-1 is required in the ovary for female fertility. The fly and mammalian receptors bind the same DNA sequences in vitro and lack known ligands.
Previous work has shown that Hr39 is required for formation of the reproductive glands in Drosophila. In this species, two paired glands express mRNAs encoding various secretory factors such as immune proteins and enzymes involved in mucous production.
In the new study, Jianjun Sun and Allan Spradling show that Hr39 is a master regulator of the development of the reproductive glands. In conjunction with the transcription factor Lozenge, HR39 controls the formation of secretory cells within the glands. Hr39, for instance, regulates two divisions of a precursor cell that produces the secretory cell and its two support cells. Ectopic expression of Hr39 in male tissue resulted in the formation of gland-like structures in the male genitalia. Further experiments hinted that Hr39 is regulated by external hormonal signals, mediated by the major insect hormone ecdysone.
The mouse lozenge homolog (Aml1 or Runx1) is expressed in genital structures, and LRH-1 is required for female fertility in mice. But the role of these factors in reproductive gland formation in mammals remains to be tested. Curiously, Sun and Spradling found that mouse LRH-1 could partially replace Hr39 in gland formation in Drosophila. A chemical commonly found in plastics promotes weight gain in female mice, which in turn produce overweight offspring, according to a report in Environmental Health Perspectives. The effects occur even at the low concentrations commonly associated with human exposure.
Bis(2-ethylhexyl)phthalate (DEHP) is one of several phthalates used in consumer products ranging from perfumes to vinyl shoes. The concentration of phthalates in metabolites has been shown to correlate with abdominal obesity, body mass index, and waist circumference in humans. DEHP is also known to activate two key mediators of lipid metabolism and fat cell development: the peroxisome proliferatoractivated receptors alpha and gamma. Studies in rodents and people have suggested that phthalates also impair steroid production, fertility, and development of the gonads in males. But the effects of these chemicals on female reproduction are less well studied.
Juliane-Susannne Schmidt and colleagues fed female mice a diet laced with three different concentrations of DEHP ranging from dosages commonly found in people to high levels (0.05, 5 and 500 mg/kg body weight per day).
Mice in all three groups increased their food intake and gained weight compared to control animals not fed DEHP. Mothers fed 500 mg/kg DEHP had no offspring; all the pups were aborted. There was no impairment of litter size in the other groups, but there was a striking effect on body weight.
At weaning, offspring of female mice were overweight. For instance, offspring of female mice exposed to 5 mg/kg of DEHP were 33 percent heavier than the offspring of unexposed mice. After nine weeks without DEHP, the body weight of the offspring in all three groups remained elevated in both sexes. Moreover, the fat storage of the female adult pups was increased in a dose-dependent manner.
Future studies may uncover the mechanistic basis for these effects and may reconcile the current study with conflicting previous reports, some of which have suggested that DEHP may reduce, not increase, body weight in rodents. Glucose is the dominant sugar in the bloodstream of most animals; but pregnancy often seems to upend physiological rules, including this one. Fructose is the most abundant hexose sugar in the fetal fluids of ungulate mammals, such as sheep and pigs, but what it does and how it operates in this context has been unclear.
Fuller Bazer and colleagues examined the role of fructose during pregnancy in pigs, where it is produced from glucose as early as the blastocyst stage by the trophectoderm, the tissue that gives rise to the placenta. Embryo-derived fructose does not re-enter maternal circulation, but rather is confined to fetal blood.
The researchers found that fructose activates signaling of the intracellular MTOR pathway, which is involved in mediating cell growth and proliferation. In addition, fructose stimulates synthesis of hyaluronic acid, a mucoid polysaccharide that may mediate blood vessel development in the placenta during early pregnancy.
To dissect the function of fructose, the researchers examined trophectoderm cells derived from pigs. They found that fructose increased cell proliferation and that this proliferation seemed to be mediated by MTOR: fructose increased the activity of MTOR, as measured by the increased phosphorylation of the proteins it regulates. This phosphorylation did not occur in the presence of an MTOR inhibitor.
The researchers also traced the metabolic steps that led to MTOR activation and showed that fructose was shunted into a pathway called the hexosamine pathway, which also leads to production of hyaluronic acid.
It is not clear whether similar regulatory events occur in humans, who have much lower levels of fructose in their fetal fluids, but the new findings should help uncover basic mechanisms of intrauterine growth, which have been studied extensively in sheep and pigs.
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Master at work. Ectopic expression of Hr39 in the cells that give rise to the leg results in the formation of gland-like structures in Drosophila. Green, Hr39; red, adherens junction marker; blue, DNA. Credit: Spradling and Sun.
